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RADIATION  OF  AN  ELEMENTARY  SLOTTED  DIPOLE  LOCATED  IN. THE  CENTER 
OF  AN  IDEALLY  CONDUCTING  DISK 

Obtained  on  the  basis  of  the  solution  to  the  strict 
integral  equation  are  the  asymptotic  expressions  for  the 
field  appearing  in  the  long-range  zone  with  excitation 
of  an  ideally  conducting  disk  by  an  elementary  slotted 
dipole  (magnetic  dipole)  located  in  the  center  of  the 
disk.  In  the  solution  it  was  assumed  that  the  radius  of 
disk  is  much  larger  than  the  wavelength. 

Introduction 

The  radiation  of  an  elementary  slotted  dipole  located  in  the 
center  of  an  infinitely  thin  ideally  conducting  round  disk  was 
examined  by  M.G.  Belkina  in  work  [1].  The  solution  was  obtained 
on  the  basis  of  Fourier  method  in  the  form  of  series  according 
to  spheroidal  functions.  As  is  known,  such  series  in  the  case  of 
the  large  (in  comparison  with  the  wavelength)  disk  merge  ex- 
tremely slowly,  and  the  solution  becomes  practically  unsuitable 
for  the  numerical  calculations.  Therefore,  it  is  of  interest  to 
obtain  the  asymptotic  solution  for  the  case  «m>1,  where 
is  the  wave  number;  X - the  wavelength;  a - the  radius  of  the 
disk. 

A one-sided  slot,  cut  in  the  disk,  is  equivalent  to  the  ele- 
mentary magnetic  dipole  lying  on  the  disk.  In  virtue  of  the 
principle  of  duality  [2],  instead  of  solving  the  problem  on  the 
excitation  of  the  disk  by  the  elementary  magnetic  dipole  located 


1 


in  the  center  of  the  disk,  it  is  possible  to  solve  the  problem 
on  the  excitation  of  an  ideally  conducting  plane  with  a round 
opening  by  an  electrical  dipole  located  in  the  center  of  the 
opening  and  then,  according  to  the  known  equations  of  transition, 
find  the  solution  of  the  initial  problem.  When  ,va»l  the  second 
(additional)  problem  is  solved  considerably  simply. 

Statement  of  the  problem 

Let  us  examine  the  additional  problem  on  the  excitation  of 
an  ideally  conducting  plane  with  a round  hole  of  radius  a by  an 
elemenatary  electrical  dipole  with  moment  p.  located  in  the  cen- 
ter of  the  hole. 

Let  us  introduce  the  Cartesian  coordinate  system  x,  y and 
z,  the  origin  of  which  coincides  with  the  center  of  the  hole, 
axis  z is  perpendicular  to  the  plane  of  the  screen,  and  the  di- 
rection of  the  axis  x coincides  with  the  direction  of  the  moment 
of  the  dipole  . Let  us  also  introduce  the  cylindrical 

coordinate  system  r.  9.  z,  the  axis  z of  which  coincides  with 
axis  z of  the  Cartesian  coordinate  system  (Fig.  1). 


The  strength  of  the  primarry  electrical  field  created  by 
the  elementary  electrical  dipole 

where 
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*)cosf;  E\  - ft(r,  z) sin £lf  - f,{r,  z)cosq»; 

/»(r.  *)  = M - ^)(**—  2f*)]  : 

/#(r,  *)  = — Af  _ _1_J  ; 

.-(«#  r r 3i  3 1 * 

M ==  ^-;/?=/r*  + z*, 

• 4ju 

and  e is  the  dielectric  constant  of  the  medium.  The  dependence 
on  time  is  taken  in  the  form  of  e1*'  . 

Under  the  effect  of  the  field  (1)  on  the  plane  with  a round 
hole,  there  are  applied  the  currents  with  density 

7(r,  *)  *)  + */,  (r.  f ) - *JM  (r,  f ) + yJf(r.  f).  (2) 

The  vector  potential  corresponding  to  these  currents 

- U r *"(t?  e— 

A = «tJ  pdf>  J (3) 

« ». 

where 

L = Vr*  + p*  + z*  — 2r  p cos  (a  — <p), 

and  y is  the  magnetic  permeability  of  the  medium. 

G.A.  Greenberg  showed  (see  [3]  or  [A])  that  in  the  case  of 
ideally  conducting  infinitely  thin  screens,  the  vector  potential 
A at  points  of  the  screen  can  be  found  irrespective  of  the  func- 
tion J(r,  9)  . This  makes  it  possible,  by  applying  the  relation 
(3)  to  the  points  of  the  screen,  to  reduce  the  problem  to  the 
solution  of  the  Integral  equation  of  the  first  kind.  To  deter- 
mine the  functions  A on  the  screen,  i.e.,  when  r>a,  z— 0,  let  us 
proceed  in  the  following  manner. 

The  strength  of  the  secondary  electrical  field  £,  is  con- 

* 

nected  with  the  vector  potential  A by  the  relation 

£i»  - grad  V — i u A,  (4) 

where 

▼ - — div  A. 
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On  the  surface  of  the  screen  the  following  boundary  con- 
ditions must  be  fulfilled: 

EXt  = — E\r  when  r > a,  z = 0;  (5) 

£lf  = — E]f  when  r>e,  2=0,  (6) 

which,  by  taking  (4)  into  account,  can  be  rewritten  in  ti  form: 

-^■  + i®i4,  = £],when  r>a.  2 = 0;  * 17) 

Of 

+ iw.4  = £*  when  r>a,  * = 0,  (8) 

rdf*. 

where  A , and  Af  are  the  radial  and  azimuthal  components  of 
the  vector  A , respectively. 

Since  E]r  =/*(r,  z)cos(j\  and  £*f  =/»(r,  z)sinf,  then,  according 
to  results  of  work  [3],  the  scalar  potential  V on  the  surface 
of  the  screen  can  be  presented  in  the  form 

Y = *(r) cosq>  r > a,  2 = 0,  (9) 

where  the  function  ip(r)  must  satisfy  the  condition  of  the  radia- 
tion and  the  differential  equation 


^-+— 5 + 1 ;r>a-  (10) 

dr»  r dr  \ i* ) di  ,_o 

Solving  (10)  by  the  method  of  the  variation  of  the  arbi- 
trary constants  and  considering  the  condition  of  radiation,  we 
get 


where 


* (?)  = £//<*>  (Kr)  + I*-  j //{■>  {Kr)  j F (0  //f>  (*0  d/  - 

f 

- H?>  (Kr)  j*  £ (0  H\'>  (Kt)  d/j , r > a, 

2,0— 


and  are  Hankel’s  functions  of  the  first  order  of  the 

first  and  second  kind,  respectively,  and  B is  a certain  constant 
which  must  be  defined  later  from  the  condition  of  vanishing  on 
the  edge  of  the  hole  of  the  radial  component  of  the  current  den- 
sity: 

/,(«)-  0.  (12) 


i 
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Thus  the  function  i p(r),  and,  consequently,  function  *) 
when  r^a;  *«■  0 are  determined  with  an  accuracy  up  to  the  con- 

stant B. 

Expressing  from  (7)  and  (8)  components  A,  and  Af  and 
then  going  over  to  the  Cartesian  component  of  vector  A,  we  get 

^ + M,.  (»3) 

where 

Am  = A1*  (r)  + A(J'  ( r ) cos  2<p  np«  r>a;  z = 0 
= Af1  (r)  sin  2<p  npH  r > a;  z = 0 

AP«  -£-[;* + f + 0)] 

Mr.  0)]  |' 

Applying  (3)  to  points  of  the  screen  (r>a,  z« 0)  and  con- 
sidering (13),  we  arrive  at  two  independent  integral  equations 
of  the  first  kind: 

^«(r,  0)+*»(z.  0)cos2?  = ^-jpdp  j ~~/M(P.  «)d«;  (»6) 

-«  v 

• «+*«  _(<t? 

Af>(r.  0) sin  2<f  = ^-  j*  p d p j -~-/y(p.  a)da,  (17) 


where  . 

Z>  = V/r*  + p*  — 2 r p cos  (a  — <p)  . 

From  the  form  of  the  left  sides  of  equations  ( 1 6 ) and  (17), 
it  follows  that  the  functions  jM[ p,  a)  and  jv( p,  a)  can  be  sought 
in  the  form 

i.  “ /i0*  (p)  + i?  (p)  COS  2a 

i,~  /jr  (P)  **n  2* 

where  /®(p  = £p)  . 

Substituting  ( 1 8 ) into  (16)  and  going  in  the  internal  in- 
tegral to  the  new  variable  of  integration  0 according  to  the 
equation  p-a— we  arrive  at  the  two  independent  integral 
equations  of  the  first  kind  for  functions  /*•  (p)  and  /<*>(p)  : 

0\-^.J/w(p)pdp  r>0;  »-0;  2.  (19) 


where 


D = V /*  + p*  — 2r  p cos|T 


The  left  sides  of  equations  (19)  are  known  with  an  accuracy 
to  the  constant  B,  which  must  be  defined  after  the  finding  of 
functions  /?( P)  and  /®(p)  . The  conditon  (12)  serves  for  the 

calculation  of  constant  B,  and  after  the  transition  to  functions 
/J*(p)  and  / J>  (p)  takes  the  form 

/?  <«)  + /?  («)  -0.  (20) 

Thus  the  problem  on  the  excitation  of  an  ideally  conducting 
plane  with  a round  hole  by  an  elementary  electrical  dipole  lo- 
cated in  the  center  of  the  hole  is  reduced  to  the  solution  of 
two  independent  integral  equations  of  the  first  kind  (19)  with 
an  additional  condition  (20). 

Determination  of  Currents 

Eciuations  (19)  are  strict  integral  equations  of  the  problem. 
They  are  correct  at  any  values  of  the  parameter  ku  . The  solu- 
tion to  these  equations  when  ko>1  is  of  interest  to  us.  In 
this  case  the  left  sides  of  equations  (19),  defined  by  equations 
(15),  are  considerably  simplified.  Since  and  r>a. 

then  the  Hankel  functions,  which  enter  into  the  left  sides  of 
equations  (19),  can  be  replaced  by  the  first  terms  of  their 
asymptotic  expansions: 

//«  (kt)  y±_  t~Uu  e '4  * ' . (21 ) 

Disregarding,  furthermore,  terms  of  the  order  of  in  com- 

parison with  unity,  we  get 


where 


-'l'5-vfr)- 

m 

J y?*(p)p<*p  r>«;  *-0;  2. 

« o 

. [i  *-o. 

~^VT-''6*-\q  utMe*  * — 2. 


(22) 
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The  internal  integral  on  the  right  side  of  (22)  can  be 
transformed  by  using  the  asymptotic  equality  proven  in  work  [5]: 


f -S— - cosvjld P = - (//?> (c|  r — p D + 

.1  o yrp. 

+ i( — 1)*  Ho*  l*(f  + p)l|  + 0 |(#ca)-a/*l,  y = 0;  2.  (23) 

Substituting  (23)  into  (22)  and  introducing  the  dimension- 
less variables  n and  y connected  with  p,  r and  k by  relations 

P = a(l  + 5).  r=  a(l  + rfi,  y = (24) 

we  obtain 

«w(E)^(Y(^  + 5 + 2)|rf5- 
= Ce  -ft, //»> Iy (ti  + 1)1.  (25) 

where 

—i  — 

“M (t)  “ ~ ifl (1  + 6)1  v - 2>  w 

and  C— — i is  a certain  constant  which  will  be  defined 

subsequently  from  condition  (20). 

Using  the  equalities  proven  by  G.A.  Greenberg  [6] 


i 


«+*,)  v^jr  _ 

*VT«  + *») 

• — * ~ 

f e_,Vi Ho'  (Y | v - i\)d ( - e-,v'  . 

^2«{ 


(27) 


(28) 


we  transform  the  equations  (25)  into  the  integral  equations  of 
the  second  kind: 


,-ivu+a,  - ,w(flt— |V» 


*>T 


l + t + i 


dl  + 


+ C-i 


.-ITU+ll 


»}rl  v*Kt(l+» 


- . * - 0;  2. 


(29) 


Since  according  to  the  assumption  that  Y“*«>1  > the 

solution. to  equations  (29)  can  be  found  by  the  method  of 


•«*r 


successive  approximations.  However,  it  is  more  convenient  to  use 
the  artificial  method. 

Functions  u<v,(£)  are  proportional  to  the  component  /*v,(a(l+fc)l 
of  the  density  of  the  current  induced  on  the  screen.  With  an 
increase  in  the  variable  £ , functions  ii**1  (fc)  decrease  according 
to  the  absolute  value  and  vanish  when  £-*-«>.  Therefore  when  y»l 
the  main  contribution  to  the  value  of  the  integral  entering  into 
(29)  is  given  by  the  neighborhood  of  the  point  E,  = 0 . Conse- 
quently, there  taker*  place  the  following  approximate  equality: 


u™  (B  = _ i 


Y2  t~iy  «+*> 


e-m 

tT  + C-5—  - 
* ^6(5  + 2)  «KF 


.-IY  «+l| 


0;  2. 


where 


uy> 
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V 11(1+1)  • 

«M(l)e-,n£f6.  » = 0;  2. 


(30) 

(31) 


We  can  strictly  show  that  the  error  of  equality  (30)  does 
net  exceed  0(Y-V*)  . 

For  determining  the  constants  U»>  , let  us  multiply  both 

sides  of  (30)  by  e~m  and  integrate  with  respect 
to  £ fr0m  zero  to  infinity.  As  a result  let  us  impart  to  two 
(for  v = 0 and  v = 2)  independent  algebraic  equations,  the  solv- 
ing of  which  we  get 


i — 

C*  4 


where 


V * V » = 0;  2, 

l+ie,rrIl—  ®(/i  «y)J 


I-  Vm 


yir 


—i** 

e ds. 


(32) 


(33) 


It  remained  to  determine  the  constant  C.  Using  condition 


(20),  which  after  the  transition  to  functions 
form 

II*  (0)  + K*  (0)  - 0. 

we  obtain 


,<v> 


(I)  takes  the 

(34) 


8 


C-  -LT 

s 


,-,t  l + ««,r,H-g>(n4Y)]--^?  n — ®<KT2y)l 


i + «ti«li-®(vrr4Y)]_i 


e-m  t-w< 


Expression  (35)  is  considerably  simplified  if  function 

is  replaced  by  its  asymptotic  representation.  Here  there 
will  be  fulfillled  the  simple  relation  C = - - e~,Y  + 0 ( y~s/1) 

Thus  the  functions  «)  are  completely  defined,  and,  con- 
sequently, the  distribution  of  the  currents  induced  on  the  screen 
is  known. 

Determination  of  the  Field 

Let  us  turn  to  the  determination  of  the  field  which  appears 
with  the  excitation  of  an  Ideally  conducting  plane  with  a round 
hole  by  an  elementary  electrical  dipole  located  in  the  center  of 
the  hole. 

The  vector  potential  of  the  currents  induced  on  the  screen 
is  expressed  by  the  equation  (3)  and  has  two  components:  A and 
Ay,  where 

A.-A?{r,  *)+A<?(r,  *)cos2«j>l 


On  the  screen  (r>«,  z-0)  functions  V (r.  *)  coincide 
with  the  functions  A{ 2?  (r),  introduced  earlier  and  at  the  arbi- 
trary point  in  space  are  determined  by  the  expression 


m 1«  ^ 

i™(p)pdpj2y-c«'lMP.  ’-O'. 


Equation  (37)  is  inconvenient  for  the  numerical  calculations. 
Let  us  find  the  asymptotic  representation.  Here  we  will  distin- 
guish two  regions:  first,  the  one  adjoining  the  z axis  and  the 
second,  the  remaining  part  of  the  space. 

First,  let  us  examine  the  second  region.  Let  us  introduce 
the  spherical  coordinate  system  R,  0,  4>>  the  polar  axis  of  which 
coincides  with  the  z axis  of  the  cylindrical  coordinate  system 
(Fig.  1). 
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Equation  (37)  in  this  coordinate  system  takes  the  form 


*r-  ‘Ox'7  p’an'rruij^i  x 


X cos  >j5d{5,  v = 0;  2. 


(38) 


where 


L0  = I/a  = ( r\  + (1  + iy-  2r0  (1  + l)  sin0cosp],/2  . 

/*  = Rla. 

Since  in  the  examined  region  the  inequality  ysin0»l,  is 
fulfilled,  then  the  internal  integral  in  (38)  can  be  transformed 
according  to  the  equation  (see  work  [7]) 


f 


,-nrt. 


cos  vp  d p = 


n I 


V r%  (I  + i)  *ln  e 

— J/*l 


\H?(yb)  + 


(39) 


where 


+ i ( — 1 )v  (y  <0}+0  1(y  sin  0)  s/*],  v = 0;  2, 

b = [ r*  + (I  + iy- 2r.(l  + D sin  0)17*  , 
d - [ r*  + (1  + l)'  + 2r,  (1  + l)  sin  B]1*  . 


Substituting  into  (38)  values  of  functions  uw  (£)  from  (30) 
and  applying  to  equation  (39),  we  get 


i - 


A? 


4 )'  2n*in  j a Y r» 


where 


+ iQ(2,  r0,  e+n)l  + iClQ,(r0.  0)  + i Q,  (r„  8 + *)] - 
-i«vlQi(l.  ro0)  + iQ,(l.  r„  0 + n]J, 

0,(«.  v e>  - — ? '%pCLnPtt»*b  ■ ■ 


Q*(®, 


,-m 

VT 


H?(yb)dl. 


(40) 

(41) 

(42) 


The  integral  Q,(o,  r»,8)  was  examined  in  detail  in  work  [7] 
In  the  long-range  zone  (when  ro-*-<»  ) the  following  asymptotic 
equality  is  correct: 
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1 „ /f  « 4 _-nr  (.-i)  h _ 

e.(».v«) — — 75-*  11 

_ ® (/rv«{T-iiHi))|  + 0 (r.-“).  («» 

The  integral  Qs(r«,  6)  is  calculated  in  work  [8]  and  equal 


to 


Q, (r„  8)  - e 4 e-" *in*[l-<t> (V  iYr,(l -sin0)  ) }.  (44) 

In  the  long-range  zone  (when  /■»-►  oo' ) expression  (44)  takes 
the  form 


VT  ,-nfr.  .r»nn*  . 

Q.(%.  9)  - -^r-  ~~  ■—  + 0(r.-^). 

*Y  K7i  K I — *intf 


(45) 


Using  the  relations  (43)  and  (45)  and  going  from  components 
A1*  and  Af1.  in  the  Cartesian  coordinate  system  to  components 
A^  and  A,  in  the  spherical  coordinate  system,  we  get 


where 


Ml »p  - . 

^-UTa—TT  Ve>s,n*- 


r% 

Ml • P t~nr‘ 


' in  a 


HTf* 

— S,(0)cos«p. 


s,(0)  = ^ It'?’  + fi  (0)  — £» (0)  + 


+ c 


-I- 
2e 


4 / eiv,|n* 

• — f i — 

jS  \ V l-*‘" 


.-IY»lnl 


f)\ 


(46) 

(47) 


S,  (0)  = -yj^~  [[U?  - U'?]  F, (0)  + Ft  (0)};  (48) 


F,(B) 


y^Y  \ V 1 —*in8  Y 1+sin 
Fl{Q)  - — <x» (vT2y (1  — slrTe))]  + 

i [1  — ♦(V'iyO  — *in0)  )1  — ll  — <*>(/  iv(l  +sin0))l. 


(49) 


The  strength  of  the  secondary  electrical  field  £»  in  the 

«• 

long-range  zone  is  connected  with  the  vector  potential  A by  the 
relation  £i»  — i«»A  . Consequently,  the  components  of  the  vector 
of  the  strength  of  the  total  elefttrical  field  £ — £i+£J  in  the 
long-range  zone  in  region  ysin0>l  are  equal,  respectively,  to 


11 


Let  us  turn  to  the  computation  of  the  field  in  the  region 
adjoining  the  z axis,  and  let  us  be  limited  to  the  examination 
of  the  long-range  zone. 

Assuming  in  (38)  that  Lc»r0—  (1  + t)sinOcosp  and  changing  the 
order  of  integration,  we  get 


i-  _ _,v  >* 

Am  = »«  _J 1_  fG-»(P)  e,v,tMco**  x 

* 4n  1 2n  a rt  J 


where 


X cosvpdp,  > = 0;  2, 


C<v> (P)  = f «iw (1)  Kr+lc1^1*0'' d t.  v = 0;  2.  (53) 


Integral  (53)  can  be  computed  asymptotically.  Substituting 
the  values  of  functions  i/<v>  (t)  from  (30)  into  (53)  and  disre- 
garding terms  of  the  order  o ||y(l  — sin0))_S/*J  , we  get 


G**#) 


where 


-±=-  K™  + 0 |Iy  (1  - sin  e))-*7*)  . (54) 

|'2hY  K 1 — *inJeo»p 


'IC*  = - i (/f*  e-irr  + VJC-V  2e-,, 
K(t>  = — i U?  eTm  + V^C 


Expanding  (1  — sinOcosp)-1*  in  power  series  of  sfnfcosp  and 
being  limited  to  the  first  three  terms  of  the  expansion,  after 
the  term-by-term  integration  in  equation  (52)  let  us  impart  to  the 
following  expression: 


where 


X?  - T*"  (6),  * - 0;  2. 


^,(Y**nfl)+  ~ sin 07, (y iin0) + 
+ 7*-  rin*  (®>  (Y  *>n  8)  — 7,  (Y  sin  0)); 


• *.  T «**r  / , 


r«(0)=  -y,(Y  »n9)+  -1  sin  6(7}  (y  sin  0)  — 

— 7,  (y  sin  0)J  + sin*  0 | 7 , (y  sin  0)  — 27,  (y  sin  0)  + 7,  (y  sin  0)|.  (58) 

Here  J is  the  Bessel  function  of  the  first  kind  of  order  n. 
n 

In  going  over  to  the  components  Af  and  A , in  the  spherical 
coordinate  system,  we  get 

a,  ° *~?\(e)si  ■«  » 

*»-  *Si  *"^V.(8)cosf,  (60) 

where 

(0)  - /(<*•  r®  (0)  - Km  r®  (0);  (61) 

K,  (0)  — (/C***  7^  (0)  + 7^  (0)]  cos  0.  (62) 

Consequently,  the  components  of  the  vector  of  the  total 
electrical  field  strength  in  the  long-range  zone  in  region 

Y (1 — sin0)  >1  are  equal  to 

<<3> 

ftlr#  Y*  p QQ8  m 

r»  • ' r ▼ ft#  #a\  i n /Ci\ 


Vnci«flK«w  + |l- 


Thus  the  additional  problem  on  the  excitation  of  an  ideally 
conducting  plane  with  a round  hole  by  an  elementary  electrical 
dipole,  located  in  the  center  of  the  hole,  is  completely  solved. 
Let  us  turn  to  an  analysis  of  the  initial  problem. 

Excitation  of  the  Disk  by  an  Elementary  Magnetic  Dipole 

The  electromagnetic  field  created  by  the  elementary  magnetic 
dipole  (one-way  slot),  located  in  the  center  of  an  ideally  con- 
ducting  disk,  can  be  found  by  the  duality  principle  [2],  using 
the  obtained  solution.  Here  in  the  long-range  zone  in  the 
region  Y*'n®-*1  the  total  electrical  field  strength  & is  de- 
termined by  the  following  expressions: 
a)  in  the  upper  half-space  (z  0): 

«*> 

K-ir.Vc  — fT  'faff*  !*.«+«»  '“> 


where  m is  the  moment  of  the  dipole; 

b)  in  the  lower  half-space  (z<0): 


Correspondingly,  in  the  region  adjoining  the  z axis  [i.e., 
with  the  fulfillment  of  equality  vO*— *'n0) >11  the  field  in  the 
long-range  zone  is  determined  by  the  equations: 
a)  in  the  upper  half-space: 

- l/T  v*  ,A4 


_ r—  —l Vr,  v«  m cos  ® 

e;-»;V  -r- V1T^lv‘(e,  + 2|; 

b)  in  the  lower  half-space: 


S - h; V f- 


t — iVr,  y*  m sin  ^ 

- r„  in  a*  < ^ 

r,  4jio». 


Numerical  Results 


For  a comparison  of  the  obtained  asymptotic  expressions 
(65)-(72)  with  results  of  the  strict  solution  [1],  the  numerical 
calculations  for  the  case  y = 5 were  conducted. 

Figure  2 gives  the  normalized  radiation  pattern  of  the  ele- 
mentary magnetic  dipole  located  in  the  center  of  an  ideally  con- 
ducting disk  on  the  upper  side  of  the  disk  corresponding  to  the 
plane  <f>  = 90°.  The  solid  line  shows  the  values  of  £#*  of  the 
component  referred  to  the  maximal  value  of  modulus  |£J|,  taken 
from  work  [1]  (strict  solution).  Applied  by  a dashed  line  are 
similar  values  computed  according  to  equations  (65),  (67),  (69), 

and  (71). 

Figure  3 gives  the  normalized  radiation  pattern  in  the  plane 
* 0° . The  solid  line  corresponds  to  the  strict  solution  and 
the  dashed  line  to  values  computed  according  to  equations  (66), 
(68),  (70),  and  (72). 


Figure  4 shows  the  normalized  radiation  pattern  of  the  ele- 
mentary magnetic  dipole  located  in  the  center  of  an  ideally  con- 
ducting disk  in  the  plane  $ = 90°  calculated  according  to  equa- 
tions (65),  (67),  (69),  and  (71)  when  y = 10. 

Figure  gives  the  normalized  radiation  pattern  in  the  plane 
<t>  = 0°  calculated  by  equations  (66),  (68),  (70),  and  (72)  when 
Y « 10. 

On  Figs.  6 and  7 similar  patterns  are  plotted  when  y = 15 . 

As  the  calculations  show,  equations  (65)-(72)  overlap  the 
whole  range  of  the  change  in  angle  0. 

The  obtained  solution  will  be  more  accurate,  the  larger  the 
quantity  y~xa.  However,  as  the  numerical  calculations  show, 
it  satisfactorily  transfers  the  character  of  the  radiation  pat- 
tern at  such  a comparatively  small  value  of  y,  as  y = 5. 

The  obtained  solution  is  suitable  only  when  the  magnetic  di- 
pole lies  on  the  disk;  however,  the  method  used  in  the  work  makes 
it  possible  to  obtain  the  solution  also  for  the  case  of  the  mag- 
netic dipole  raised  slightly  above  the  disk. 

In  conclusion  the  authors  wish  to  thank  Professor  G.Z.  Ayzen- 
berg  and  Assistant  Professor  L.S.  Korol’kevich  for  their  dis- 
cussion of  this  work  and  their  valuable  advice. 
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